Chapter 3

Earth
Materi al s

Common

Excavati on

Bor r ow

Comrent s

SO LS | DENTI FI CATI ON AND CLASSI FI CATI ON
Note: The material covered in this chapter is for
information only and will not be covered in this course.

Common Excavation is that soil material, shale and certain
soft rock, which is encountered within the project limts as

set out in the plans, and is noted for renoval. This should
not be confused with other types of excavation, such as
wat erway, unclassified, etc.. Conmobn excavation nmay or

may not be used for enbanknment construction, however,
borrow is not used until all suitable commpbn excavati on has
been used.

Borrowis soil material, never shale, for the construction of
enbanknment which is obtained froml ocations or sources
out side of the right-of-way.

In either case, borrow or common excavation, should
never contain trash, organic matter (including roots
sod and stunps), or materials which are toxic to hunans
or the environnent.

In order to identify these materials one nmust know
somet hi ng about their origin and have a systematic

met hod of identification. The following information is
intended to provide the user with those tools.

A know edge of what the earth is nade of is very

i nportant in highway work. Most of the material used
in building roads is taken from suitable deposits of
mat eri al s devel oped in the earth's crust by natura
processes. Hi ghways are supported by natural soil and
rock materials which lie beneath them Rock, soils,
and aggregates are the material types.

Earth materials, as found in nature, are either soil or
rock. Oiginally, all of this material was in the form
of rock, occurring in large solid nmasses or deposits,
each of which covered |arge areas of the earth's
surface. Through the action of w nd, water,
tenperature changes, plant activity and simlar natura
agents, the surface of these

rock masses became deconposed, broken up, worn and
washed away, and mixed with water and organic material

In general, soil is any collection of this finer
material that resulted fromthe breaking-up of the
original solid rock, provided that it has stil
remained in the finely-divided form and is easily
di vided into grains.

Actual ly, the distinction between soil and rock is
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qui te techni cal because the fine material has often
been cenented or wel ded back into a newrock. In

hi ghway work, a deposit is called soil instead of rock
if a sanple taken fromit cannot go through a process
of being thoroughly dried out and wetted agai n w t hout
crunbl i ng.

Through the centuries, geol ogical processes have
accunul at ed deposits of soil which are very large, both
in area and depth. Soil and rock, are the principa
materials used in highway work. Wen a material having
speci al characteristics (such as the size and type of
each particle) is taken froma soil or rock deposit by
screening or crushing or otherwi se manufactured, it is
called an aggregate. This section is concerned with

these three materials: rock, soil, and aggregate.
Rock The principal types of rock found in Indiana is
Pri nci pal sedi nentary (shale, |inestone and sandstone). Bedrock
Types is near the surface and is very significant to hi ghway
construction in only the southern 1/5 of the State. In

the northern 4/5 of the state, rock is usually deeper

than ordi nary hi ghway excavation. Over a major portion

of the north, soil is over 90 to 120 nmeters (300" to 400')
deep. The types of rock include:

* lgneous rocks originated fromnolten nagma.
They are the parent rocks of all others. Sone

kinds are granite, basalt, trap rock, gabbro,

di abase, and rhyolite.

* Sedinentary rocks are derived fromthe

fragmentation, disintegration and reconsolidation

of other rock material. Sonme kinds are |inestone,

sandstone, shal e, conglonerate and chert.

* Metanorphic rocks are derived fromigneous and

sedi nentary rocks whi ch have been changed

texturally and mneral ogically by pressure and
heat. Some kinds are schist, slate, marble,

gnei ss and quartzite.

The sl ope of the bedrock is known as the dip. In
I ndiana the bedrock dip is essentially flat. Flat
grades may follow the sanme rock types for sone

di stance in excavations.

Resi dual soils are soils forned in place by
mechani cal and cheni cal deconpositions. The

shal es, |inmestones and sandst one produced nost of
the soil in the southern 1/5 of the State.

d acial soils and | andforns are al so known as
transported soils and are found over the northern
4/5 of Indiana. As the great ice sheets noved down
fromthe North, they transported soil and rock. As
the ice nelted, it dropped this naterial into
various distinct |andforns or shapes. Meltwater



Soil Horizons

A-Hori zon

B- Hori zon

C Hori zon

Soi | Conponents

fromthe glaciers also hel ped shape northern

I ndiana by its carving action and deposition of
materials. The w nd produced ot her |andfornms and
deposi ts.

G ound noraines are "plain-like" |andforms and
"ridge noraines" are rolling hills in Indiana. The
soil and rock materials were deposited directly
fromthe ice. Material in the northern 1/5 of the
State is predominantly granular. The mddle 3/5 is
predom nantly a silty clay.

Landf orms and deposits produced by glacia
mel twaters are.

Ri ver Terraces
Qut wash Pl ai ns
Lake Beds
Beaches

L T

W nd- Bl own Soils and Landforns are.

Sand Dunes
* Loess Pl ains

Soil horizons (layers) eventually formin the upper
portions of soils by the action of water |eaching
downward through the soil. Color and soil texture
differences allow you to tell the horizons apart.

The A-horizon is the top layer and is often called
topsoil by the layman. The A-horizon may contain a

| ot of organic material. Percolating water
transports a portion of the clay fromthis |ayer
into the lower layer. In Indiana, The A-horizon

may neasure from several inches to several feet in
t hi ckness.

The clay materials | eached fromthe A-horizon
collect in the B-horizon. The B-horizon is also
usual Iy darker in color and nore inperneabl e than
the A-horizon. The B-horizon may al so range from
several inches to several feet in thickness.

The C-horizon is the original soil (or parent
mat eri al) which has not been nmaterially altered.

Soi|l horizons are usually relatively thick and
strongly developed in soils lying in | ow areas such
as alleys, basins and even in small depressions.
These areas collect nore surface water so that
there is nore | eaching fromthe A-to B-horizons

whi ch makes both the A and B horizons thicker than
i n higher easier draining |ocations.

The soil conponents are gravel, sand, silt, clay
and organic materials. A soil may be conposed
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Soil Textures

Field
Identification
Test s

entirely of a single component or nmay be a nixture
of two or nobre conponents in any percentages.

Coarse grai ned conponents are gravel and sand.

These can easily be identified in the field by

their grain size. Gavel is conposed of particles
rangi ng in size between 3" (76 nm) to a #10 (2 nm)
sieve. Gavel will pass a sieve with 3" (76 mM)
square openings and be retained on a #10 (2 M) si eve.

Sand ranges in size between a #10 (2 mm sieve and

#200 (0.075 mm -- about the snallest size

recogni zabl e with the unai ded eye). Coarse sand
particles pass the #10 (2 mm) sieve and are retained

on the #40 (0.42 nm). Fine sand will pass the #40
0.42nmm and can be retai ned on the #200 (0.075 mM) si eve.

Fi ne grained conmponents are silt and clay. Both
will pass the #200 (0.075 mm) sieve. Silt and clay
particles are too snmall to be distinguished by eye
inthe field. They are distinguished mainly by
plasticity. Cay is plastic or putty-like, while
silt is relatively non-plastic.

Organi ¢ conponents are | argely decayed pl ant

matter. They may be found in any degree of
deconposition. Peat is decayed plant material in
whi ch fibrous wood-1ike fragnments can be

recogni zed. Marl or Muick are thoroughly deconposed
organic material generally containing a

consi derabl e anount of silt, clay and possibly sonme
fi brous remains.

The term soil texture describes, in general terns,
the size and distribution of the conponents in a
soil. The soil textures that the inspector should
be able to identify in the field are: sand, sandy
loam, silt loam silt, clay loam clay and organic
soils. Loamrefers to a mixture of clay, silt and
sand. (See Table 1).

Clay and silty soils can be identified and
di stinguished in the field by one or nore of the
followi ng sinple tests:

* The plasticity test can be perfornmed in the field by
rolling a fine grained soil into a thread of about an
1/8" in diameter. The test applies only to soil that is
damp (noisture content about the sane as that of a soi

which exists 1 or 2 feet bel ow the surface but above the

water table. Fine-grained soils which are predom nantly
clay, can be rolled into relatively long, firmthreads.
Predonminantly silty soils can be rolled into a thread
but the thread is very easily broken
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Sands And
G avel s

Mar |,
Peat

Muck And

* The dry strength test is performed often on
fine-grained soils by beating or crushing a
pi ece of dried soil with the hands or fingers.
A piece of dry clay is extrenely difficult to
break. A dry silt can be crushed relatively
easily with the fingers

*  The "pat" or "shake" test is performed on fine
grained soils as follows. Add enough water,
if necessary, to make a soil pat (about 16 cc
[1/2 cubic inch] in size) soft but not sticky.
Pl ace the pat in the pal mof the hand and shake
the hand horizontally, jarring it against the
other hand. This action will bring noisture
to the surface and nake the soil appear shiny
if it is minly asilt. A slight squeeze of
the pat shoul d nmake the noisture w thdraw
The surface should crack and have a dul
appearance. A clay soil will not permt the
water to conme to the surface when shaken

* The settlenment rate in water test can be
performed by placing about 10 cc (2 teaspoons)

full of fine-grained soil in a clear container
filled with water and shaki ng the contai ner
well. If the sanple is prinmarily silt, the

particles will settle to the bottom of the
contai ner in about 30 seconds and | eave the
water nearly clear. days will remain in
suspension for a nmuch longer time and | eave
the water dark and cl oudy in appearance.

These soil conponents can be distinguished quite
accurately just by looking at the size of the
particle. There are two sinple field tests that
may be used to determine if granular naterials are
"clean" or "dirty."

* The dust formation test is performed when the
granular material is dry by sifting the

granul ar material through the fingers and
letting it fall on a clean hard surface. |If a
| arge anount of silt and clay are present, it
will be noted as dust as the material strikes
the hard surface
* The settlenent rate in water test, as described
in the tests for fine-grained soils, can also be
used to determine the cleanliness of sands.
For "cl ean" sands, the water should clear in
30 seconds. If the sand is "dirty" the water
will remain cloudy for |longer than 30 seconds.

These can be identified by visual inspection

color, snell, density and conpressibility. Visua
i nspection may show deconposed plant and /or ani nal
remai ns and shells. The color of organic soil is
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Sumary

Method OF Field
Cl assification
For | ndi ana
Soil s

Modi fiers

usual Iy black or dark grey. The odor may be slight
to strong. The density of nuck, marl, or peat is
considerably |l ess than that of inorganic soils.

It is inportant for you to know what the earth is
made of because nost of the naterials used to build
roads is taken fromthe earth. These materials

i nclude rocks, soils, and aggregates.

The type of rock found in Indiana is sedinentary
(shale, linmestone, and sandstone). The foll ow ng
rocks are found in the State:

| gneous Rock.
Sedi nentary Rock (glacial till deposit).
* Metanorphic Rock (glacial till deposit).

Indiana's soils were formed by nechani cal and
chemi cal deconpositions, glaciers, and wind. Soi
is made up of three layers called horizons. Color
and soil texture allow you to tell the horizons
apart.

Soil is conposed of:

coarse-grai ned conponents (gravel and sand)
fi ne-grained conponents (silt and cl ay)
* organi c conponents (peat, marl, and nuck)

The texture of a soil refers to the size and
distribution of the soil's conponents.

Clay and silty soils can be identified in the field
by sinple tests. Sands and gravel s can be
identified by |ooking at the size of the particle.
Muck and peat can be identified by visua

i nspection, color, snell, density, and
conpressibility.

In general, the soil classification for each soi
type nust include a description of:

Col or

Moi st ure

Consi stency or density
Textural classification

L T

And if applicable, should include itens:

* Mdifying terns for anpbunts of materials such
as; rock fragnents, gravel, shale, etc. which are
not included in the textural classification, e.g.
"trace", "little", "sone", or "and" have definite
meani ngs as to percent content in the sanple.

* Mdifying terns for anpunt of organic in soils
use the sanme ternms, "trace", and "little" but have
different neaning as to percent content by weight.
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*

Use of common general terns, (fill, peat, marl),

etc. can be very hel pful and should be shown in
parent hesis imediately follow ng the usual soi
classification.

Specifically, the foll owi ng suggestions should be
foll owed regarding the above:

*

Use col or conbi nati ons such as greeni sh-gray,
yel | owi sh-brown, etc. and different hues such
as light brown or dark brown. Study the soi
carefully in a wet condition to determ ne

col or.

Moi sture description should range from wet,
very noist, slightly noist, to dry.

Consi stency descriptions used for cohesive

or plastic soils include:

very soft
soft
medi um st ff
stiff

very stiff
hard

L I B

Rel ati ve density descriptions used for
non- cohesi ve, non-plastic soils include:

very | oose

| oose
medi um dense
dense

very dense

* % X % *

Textural classification should be determ ned
fromthe relative proportions of sand, silt,
and clay fromthe attached chart.

Modi fying terms for anmounts of materials other
than organic, which are included in the
textural classification as discussed above,
shoul d be used as follows:

* Wth trace of = 0%to 10%

* Wthlittle = 11%to 20%
* Wth sore = 21%to 35%
*  "and" = 26%to 50%

Modi fying ternms for describing anounts of
organic and nmarl contents in a soil, have
di fferent ranges of percent content neani ngs.

The use of comon general terns in conjunction
with the usual soil classification can be very
hel pful in interpretation of the origin of
material in the soil profile. The field

i nspector should note in parenthesis after
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the usual classification such terns as:

* fill material
* apparently natural ground
*  peat
*  nuck
*  marl
*otill
* old | ake bed
* etc.
Classification Sone conmon definitions include:
O Soils
*  Boul ders Ret ai ned on 3" (76 nmm sieve
*  Gavel 3" (76 mm to #10 (2 mMm) sieve
* Coarse sand #10 (2 mm to #40 (0.42 M) sieve
*  Fine sand #40 (0.42 mMm) to #200 (0.075 nm sieve
* Silt 0.075 mmto 0.002 mm
*  day smal | er than 0.002 mm
*  Coll oids smal l er than 0.001 mm
Classification Classification %and & Gravel %&Gilt % ay
Sand 80- 100 0- 20 0- 20
Sandy Loam 50- 80 0-50 0- 20
Loam 30-50 30-50 0-20
Silty Loam 0-50 50- 80 0-20
Silt 0- 20 80-100 0-20
Sandy C ay Loam 50-80 0-30 20- 30
Clay Loam 20-50 20-50 20- 30
Silty day Loam 0-30 50-80 20-30
Sandy d ay 50-70 0- 20 30-50
Silty day 0-20 50-70 30-50

d ay 0-50 0-50 30-100



Classification . | ceseceification: | ¥ Sand & | .
) _91;381fic§tipn " aravel f%811t %$Clay
gand '80-100 ' 0-20 0-20
Sandy Loanm: 50-80 0-50 0-20
Loam 30-50 - | 30-50 0-20
Silty Loan 0-50 . | "50-80 0-20
silt ~0-20 80-100| 0~-20
Sandy Clay Loam | 50-80 - 0-30 | 20-30
Clay Loam 20-50 | 20~50 | 20-30
8ilty Clay Loam 0-30 50~-80 20-30
Sandy Clay 50-70 0-20 | 30-50
Silty Clay 0-20 - | 50-70 | 30-50
Clay = 0-50- . 0-50 | 30-100
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